Introduction
Enterprises in all branches of industry are becoming more customer driven. The increasing interest and effort of business practices heading towards mass customization have been witnessed by an extensive study of these approaches in both academia and industry alike. Mass customization has been recognized as a new battlefield for manufacturing enterprises. It enhances profitability through a synergy of increased customer-perceived value and cost reduction in design, manufacturing and the supply chain.
Mass customization through concurrent enterprising is an approach to achieving an alliance of customers, products, processes, and logistics by means of parallelity, integration, standardization, teamwork, and many others, for delivering an increasing product variety to satisfy diverse customer needs while maintaining near mass production efficiency. It is a complex process where the concurrent engineering and extended/ virtual enterprising approaches have roles to play in coordinating various product life-cycle concerns.
Though the oxymoron ''mass customization'' was coined in the mid-1980s, research has started to pick up pace only in recent years. The number of papers published on various aspects of mass customization has increased five-fold in the last decade. With this in mind, the intention of this special issue is not only to discuss the state-of-the-art of concurrent enterprising methods and approaches toward customer-driven manufacturing, but also to explore the obstacles and challenges of implementing mass customization, as well as to analyze its potentials and capabilities. Section 2 of this editorial opens the discussion by briefly introducing some fundamental issues of mass customization as key strategies for customer-driven enterprises. Section 3 summarizes the general themes highlighted by the papers included in the special issue. In Section 4, we comment on the implications of these papers for future research on mass customization systems within the general framework of concurrent enterprising. Finally, this editorial is concluded with acknowledgements to those individuals who have given us support during the process of collating the special issue.
Mass Customization
A number of reported companies have successfully entered their particular markets with initiatives and products that break with the traditional paradigm of mass production. In order to be responsive to customers, companies have shortened their product development time dramatically. Taking the automotive industry as an example, the time to market has been reduced from six years to three months. One of the side effects of timebased competition in new product development is manifested by product proliferation. For example, we have observed thousands of new products vying for customers' attention and fighting for shelf space in supermarkets. The main driving force behind a widespread product proliferation is the expectation of many product managers that somehow the introduced variety will fit with the buying decision of a high enough number of customers. However, variety does not come cheap. The cost of an explosive increase of product variety is tremendous, such as inventory costs, customer returns, sales force training, postsale services, and overhead costs due to increased complexity inside and outside a company.
For these reasons, economic forces have led companies to build to order rather than build to stock. This development is made possible by the availability of flexible manufacturing systems. The rapid advent of information and communication technologies has enhanced flexibility not only at the shop floor level but also at the information integration level, including MRP (Manufacturing Resource Planning), ERP (Enterprise Resource Planning), and CRM (Customer Relationship Management). Moreover, with a more educated workforce, there exists inherently a potential of flexibility within companies that has not been fully deployed by the manufacturers. As a matter of fact, it has been widely reported that a lot of this new flexibility has been under-utilized in terms of enterprise businesses. Leading managers have identified the opportunity of applying these under-utilized resources of flexibility as an option to better serve customers as individuals instead of just introducing variety to the mass. Instead of designing and producing goods to stock for an unknown market, their companies provide products and services that are customized and assembled on demand for each individual customer.
On the other hand, mass customization is by no means to satisfy simply whatever customers require. The practice of making a wide variety of products available and letting customers vote on the shelf seems not only to be wasteful, or unaffordable, but also tends to constrain customers' ultimate satisfaction, leading to so-called ''mass confusion.'' Therefore, instead of creating various products in accordance with all anticipating customer needs, it becomes an important concern for the manufacturer to deliver the ''right'' product variety to its target market.
The missing gap probably lies in the capacity to put the systems, involving organization, process, and business models, all together and make them customer driven. Building a customer-driven enterprise needs to place the demands and wishes of each single customer in the center of value creation, implying much more than investing in advanced technologies. Manufacturers have to develop not just organizations and structures for producing customized products and services, but organizations and structures for customers. With the customers at the center, human beings can then focus on being creative and thus be isolated from mundane tasks in order to concentrate on expressing themselves more effectively. The basic idea of being customer driven can be considered as achieving the ultimate goal of quality management-to embrace both cost efficiency in production and distribution and a closer reaction to customers' needs.
In order to address the implementation issues of mass customization, a working definition of mass customization is adopted as ''the technologies and systems to deliver products and services that meet individual customers' needs with near mass production efficiency.'' This definition implies that the goal is to detect customers' needs first and then to fulfill these needs with efficiency that almost equals that of mass production. Often this definition is supplemented by the assumption that individualized products do not carry the price premiums associated with traditional craft customization. However, mass customization practice shows that customers are frequently willing to pay a price premium for customization to reflect the added value of customer satisfaction due to tailored solutions, for example, an extra utility can be expected by customers who perceive a product that better meets their needs than those standard products.
It is generally considered the value of a solution for an individual customer as the defining element of mass customization. A customer-driven enterprise recognizes that customers have alternatives of choice that are reflected through their purchase decisions. Customers can either choose mass customized products that provide better fit, or compromise and buy a standard product with lesser fit, or purchase a purely customized product with unique features but at a higher price. Therefore, the value is indicated by the price customers are willing to pay for the increase in satisfaction resulting from the better fit of a customized solution for their requirements. In this sense, mass customization is only applicable to those products for which the value of customization, to the extent that customers are willing to pay, surpasses the cost of fulfilling the customization.
The competitive edge of mass customization is achieved through combining the efficiency of mass production with the differentiation possibilities of customization. At the front end, the focus is to justify the differentiation of customization based on the expected extra utility that customers can gain from a product or service fitting better to their needs. The information collected during the course of individualization serves to build up a lasting individual relationship with each customer and thus to increase customer loyalty. At the back end, the fulfilment of customization should conform to the existing capabilities built into a given manufacturer's production system. A successful mass customization system is characterized by stable yet flexible and responsive processes that provide a dynamic delivery of product offerings, i.e., so-called dynamic stability. While traditional craft customization reinvents not only its products but also its processes for each individual customer, mass customization employs stable processes to deliver a wide variety of products. A main enabler of stable processes is to modularize products and services. This provides the capability to efficiently deliver individual modules of customer value within the structure of a generic modular architecture. Interacting with customers and enabling them to become codesigners and part of value creation, is an important capability of a customer-driven enterprise. Another enabler is to implement a configure-to-order platform encompassing the entire spectrum of product fulfilment from elicitation of customer needs, to product configuration, to production planning, till to supplier logistics. While the emphasis of supply chain management is on synchronization of the material, financial, and information flows, mass customization focuses on the customers' actively participating in the value chain through making informed trade-offs not only regarding cost and delivery schedules, but also with regard to product design features and functionality. Thus, expanding the three flows in supply chain management to include the customers' choice on product design could provide a new dimension for synchronization.
Overview of the Papers
The papers in the special issue examine four broad themes: customer engineering, product design, production planning and control, and engineering logistics. We believe these four themes coincide with the general product realization process within concurrent enterprising.
The first theme-customer engineering-is represented by a paper written by Fung, Chong and Wang, ''A Framework of Product Styling Platform Approach: Styling as Intangible Modules.'' This paper reports an exploratory study of understanding customers' preference on product attributes with visual pleasure. Product style following a fashion trend is widely accepted to visually enhance a product to be satisfied by today's consumer demand. The paper points out that pleasure-oriented product development equipped with manufacturing flexibility is the next challenge of mass customization. By examining the relationships between product styling and the fashion trend of consumers' preference, their study indicates that product style can be manipulated by a proposed set of complex attributes. A particular style plus its application methods together perform as an intangible module of existing product platform to refresh ordinary products. An ''i-Mac look'' product styling example is reported in the study.
The second theme-product design-is represented by three papers, one by Fujita and Yoshida, a second by Simpson and D'Souza, and a third by Frutos, Santos, and Borenstein. The first of these papers, ''Product Variety Optimization Simultaneously Designing Module Combination and Module Attributes'' by Fujita and Yoshida examines the product variety optimization problem for multiple products. Their study configures an optimization method for simultaneously designing both module combination and module attributes across multiple products. The optimization method hybridizes three paradigms: a genetic algorithm, a mixed-integer programming method with a branch-and-bound technique, and a constrained nonlinear programming method. The first paradigm is used to optimize the combinatorial pattern of module commonality and similarity among different products. The second optimizes the directions of similarity-based variety, and the third optimizes the continuous module attributes under the others. Simultaneous design of multiple airplanes is used as an example to validate their method.
The second of these papers, ''Assessing Variable Levels of Platform Commonality within a Product Family Using a Multiobjective Genetic Algorithm'' by Simpson and D'Souza studies the parametric product family design problem. The paper models the trade-offs between commonality and distinctiveness inherent in a product family as a multiobjective optimization problem. A genetic algorithm-based approach is proposed to simultaneously design the product platform and its corresponding family of products while considering varying levels of platform commonality within the product family. The effectiveness of the proposed approach is demonstrated through the design of a family of general aviation aircraft. The results suggest that seeding the genetic algorithm with two product families, one with all products common and one with all products unique, yields a richer Pareto set in fewer generations.
The third paper, ''Decision Support System for Product Configuration in Mass Customization Environments'' by Frutos, Santos, and Borenstein reports a decision support system for facilitating design and customer collaboration in the cognitive process of selecting product configuration. The system integrates object-oriented programming, multiattribute decision analysis, and integer linear programming to support product/service customization where customer choice is managed by the relevance of a set of attributes and a set of component combinations offered by the company, as well as a set of technical, aesthetical, and financial constraints defined interactively by designers and customers. With the system, the customer can define rules and provide information to represent tacit knowledge, which is incorporated into an integer linear programming model that optimizes the utility of a specific customer. The system is applied to solve the residential apartment customization problem.
The third theme-production planning and controlis represented by a paper by Bi, Gruver, and Lang, ''Analysis and Synthesis of Reconfigurable Robotic Systems.'' The paper recognizes that reconfigurable manufacturing systems offer a key enabler for realizing mass customization manufacturing. The paper focuses on the design of reconfigurable robotic systems that represents a type of strongly coupled reconfigurable systems. In terms of design analysis, the paper finds out that design variables represent structurally changeable factors of configurations, rather than system configuration behaviors directly, but determine these behaviors indirectly. The paper concludes that the synthesis of reconfigurable manufacturing systems could create a situation where the number and types of variables change during the synthesis process. Thus, the configuration design space is decomposed into a set of subspaces with the same number and domains of design variables.
The paper written by Brabazon and MacCarthy, ''Virtual-Build-to-Order as a Mass Customization Order Fulfilment Model,'' represents the fourth themeengineering logistics. The paper introduces a virtualbuild-to-order model for order fulfilment, in which a mass customizer can search across the entire pipeline of finished stock, products in production, and those in the production plan, in order to find the best product for a customer. Mass customization brings unique challenges for supply chain management, for example, manufacturing lead-time may exceed the customers' tolerable waiting time, or a producer's holding partially finished stocks at a fixed decoupling point is unattractive or unworkable. The study identifies a few important concepts that shed light on supply chain management in mass customization, including reconfiguration flexibility, customer aversion to waiting, the reconfiguration cost curve, and the floating decoupling point. The operational characteristics of a virtual-build-to-order system and its behavior and performance are analyzed based on simulation studies.
Implications for Future Research
The papers included in the special issue as a whole demonstrate several important topics in mass customization. Specific features that discern mass customization from craft customization and mass production have been well accepted in many spheres of concurrent enterprising. For instance, it has become a prevailing practice in many industries today that the orders companies receive and send out are smaller, more frequent, and rushed. This differs from the traditional situation of large backlogs and long lead-time. The ramification of the ''just in time'' inventory practice goes beyond just promoting efficiency. Therefore, mass customization raises many new questions for enterprises to position customers at the center of value creation and involve customers into the product fulfilment process. We identify the following areas that deserve further research.
(1) Customer engineering. Interaction with customers is of primary importance in mass customization. Manufacturers have been seeking expansion of their product lines and differentiation of their product offerings with the intuitively appealing belief that high product variety may stimulate sales and thus conduce to revenue. On the technical side, designers have always assumed customer satisfaction with the product designed is sufficiently high as long as the product meets the prescribed technical specifications. However, what customers appreciate is not the enhancement of the solution capability but the functionality of the product.
Therefore, many dimensions of customer satisfaction deserve scrutiny, for example, identifying those product characteristics that cause different degrees of satisfaction among customers, understanding the interrelation between the buying process and product satisfaction, determining the optimal amount of customization and customer integration, explaining the key factors regarding the value perception of customers, and justifying an appropriate number of choices from the customers' perspective.
Another important issue is the customer decisionmaking process in product customization. This calls for a study of consumer behavior in business systems based on customer integration and mass customization. While most mass customization approaches implemented in practice are based on offering a huge choice to the consumer, the perception of choice and the joy or burden of configuration experienced by customers are not well understood. Many questions are pending, for example, what are the incentives for integrating customers into value creation? What factors drive consumers to experience with a configurator? How many variants should be explored and changed before making a final decision? Are there any specific patterns that customers follow while interacting with a mass customization system? How do different levels of the decoupling point, where the customer is integrated into value creation, influence customer integration, and how does this effect the performance of a mass customization system? Hence further research is needed to understand customer decision making on customization and in turn to develop proper fulfilment capabilities and ultimately to provide decision support to customers. This area overlaps with research in the fields of requirement management, strategic portfolio, product line design, Kansei engineering, and so on.
(2) Design for mass customization. Design has probably been the most active area in mass customization research so far. The entire value chain starts with a good design. However, traditional design has been limited to developing and producing designs at a point product level. Little attention has been given to developing a family of products with a well-structured underlying product family architecture, nor to developing products which enable consumers to participate in the design process. Consequently, customization has often been enacted as an ''after thought'' from the manufacturer's point of view, and thereby only limited options are perceived by the customers. A prevailing principle of design for mass customization is a two-stage process of product development. While product architectures and the range of possible variety are predetermined during a product family architecting stage, a subsequent design and development stage takes place in close interaction between the customers and the manufacturer. Based on what has been learnt from the second stage, the product family architecture can be upgraded, which in turn leads to capability enhancement on the manufacturer's part.
Although the basic principles of product family design are understood and well documented in literature, quite a few fundamental issues need to be scrutinized, in particular in the context of mass customization. Some pending issues include, for example, differences between customer-perceived variety and technical variety in fulfilment, mechanisms of, and interrelations between, modularity and commonality, implications of adaptability, flexibility, reusability, and customizability, configuration models and decision support, human aspects in design, the coherence among product architectures, families, and platforms, and so on. Further issues may involve, for instance, to what extent a product family architecture can best represent the capability of an enterprise. How can product families be matched with an existing set of resources and enterprise capabilities? How can various players (customers, designers, suppliers, production engineers, etc.) communicate well within the same platform of product family design? How can a product family architecture evolve in accordance with changes in customers' requirements, product technologies, and enterprise capabilities? How to coordinate basic product designs with variant design of the configuration process? And what are the key factors that contribute to design-by-customer?
(3) Mass customization manufacturing and logistics. The premise of most current mass customization research relies on the belief that flexible manufacturing systems and modular product structures can significantly reduce the fixed cost in comparison with the variable cost and hence variety can be provided without significant increases in the cost. Nonetheless, flexible manufacturing and the corresponding planning systems are necessary but insufficient for successful implementation of mass customization. These systems have to be supplemented by information technologies capable of handling the information flows and transaction costs involved in mass customization. The advent of pervasive connectivity by Internet usage provides the necessary and affordable connections among all parties in a mass customization system. As a result, the successful implementation of mass customization depends on the extension of concurrent engineering beyond the traditional boundary of design and manufacturing to include customer interaction, marketing, service, and recovery. It has been suggested that concurrent enterprising is very much in line with the idea of the real-time economy where the customers are central to the value creation.
Mass customization requires a dynamic network organization especially when the products to be customized have a higher degree of complexity and customizability. Process modules have to interact with one another and work together in a specific sequence for every product or service demanded by customers. With mass customization, a company no longer offers products or services, but the capability of interacting with each customer in order to coproduce an individualized solution. Mass customization elevates the contribution of each participating element from activity to capability. The entire value chain has to be redesigned in line with specific mass customization-business models. Large enterprises and a huge number of small start-up companies have demonstrated that new forms of customer interaction are becoming a reality. Some companies may place all mass customization-specific operations into a specific unit, separated from the standard mass production operations. Other companies may integrate the customized operations into the mass production manufacturing and sales system, creating a hybrid organization structure. In order to assist companies to build the best fit for a specific customization task and the corresponding value chain, it is important to foster research on: how the structural variables of mass customization are composed? What are the factors that define a specific customization task and distinguish it from others? And how can value chain constellations be matched with the specific tasks corresponding to appropriate organizational capabilities? Research on the nature of these capabilities is also needed.
Another important aspect is for the enterprise to create capabilities with dynamic stability, which enables them to adapt, integrate, and reconfigure the manufacturing skills and competences so as to react more sufficiently to new customers' requirements or to adapt to a changing business environment. A lot of research is needed in order to transfer the tools and principles from this area to an enterprise that is no longer based on the manufacturing of products but on the interaction with each individual customer. It is imperative to establish methodologies for describing capabilities and sharing them in an extended value chain network. How can modular process models be created and configured in order to integrate the capabilities of different firms in the fulfilment process of a specific customer's order? The idea of interorganizational cooperation and virtual enterprises has to be developed much further. The benefits of integrating suppliers into customized manufacturing and capability development are well described in theory, but not well implemented in practice. Further research is needed to establish scalable and transferable coordination schemes in the logistics domain. Furthermore, it is important to incorporate the pervasive connectivity of the Internet to coordinate the participation of all parties including consumers, suppliers, service providers, and many others. It is also imperative to study effective ways for participating parties to express their needs without getting bogged Concurrent Enterprising for Mass Customization down with tedious input. Also, the trade-off of delayed satisfaction and increase in volume efficiency is obvious from the manufacturer's perspective, but may not be the case for customers.
(4) Performance measure in mass customization. Mass customization and customer integration are associated with new cost and profit structures that can be summarized with the term ''economies of scale and scope.'' This opens the field to an important area of research: the economic and performance evaluation of mass customization. Current research on evaluation of mass customization and customer integration is dominated by case studies or small samples, or by very broad approaches including all kinds of new supply chain systems. With the broader implementation of mass customization, enough data could be available in the near future to embark upon research which analyzes the success and performance factors of mass customization quantitatively.
The evaluation requires the identification of proper measures and performance indicators to characterize the different outcomes of a mass customization system. This task is imperative because the current accounting systems are not designed for assessing the true economical benefits from the total value chain point of view. Thus, in practice, managers always fail to consider mass customization due to an inability to provide convincing economical justification. Although the focus has been shifted from controlling cost to value creation, existing accounting and controlling systems are mostly dominated by the practice of product costing. Savings and additional costs resulting from different degrees of interaction with the customers are not covered by most industrial accounting systems. Activity-based accounting and the balanced score card approach may provide some solutions. However, approved ratios for calculating the value of a customer relationship, or parameters for evaluating the extent of the market research information gained by aggregated customer knowledge, are still missing. On the other hand, the value contribution of mass customization has to be evaluated from the customers' perspective. There are rarely any attempts to explicitly measure the need for individualization or to quantify the value of customization from a customers' perspective. The issue of justifying the economic value of introducing individualized products or services is of vital importance. Only if the increment in the customer-perceived value or utility suffices enough can product customization become a mass phenomenon.
In summary, concurrent enterprising for mass customization is a relatively unexplored topic that offers a variety of opportunities for scholarly inquiry. Despite the diligent efforts of many scholars, much more research needs to be put on the agenda. As the papers collected here indicate, the unanswered questions can be examined through a wide variety of approaches, both theoretically and methodologically. We hope that the papers and themes presented in this special issue will spur more research to examine this important and fascinating area.
